Determination palladiums have been reported 5% (w/w) Pd/BaSO 4 known as Rosenmund Catalyst. The determination of palladium II known as Rosenmund Catalyst is always an expensive procedure usually involving procedures such as flame atomic absorption spectrophotometry, emission spectrometry, and many spectrophotometric methods. In this study, palladium II in 5% Pd/BaSO 4 , was synthesized and employed to develop an extractive UV-Visible Spectrophotometric, and an inductively coupled plasma mass spectrometry ICP/MS methods for the determination of palladium II. Specification for Pd is 4.85% to 5.10%; the result was 4.97% for the UV-Visible spectrophotometer and 4.90% for the ICP/MS. Both results meet the requirements.
Introduction
Palladium, platinum, rhodium, ruthenium, iridium and osmium form a group of elements referred to as the "platinum group elements" (PGMs). These have similar chemical properties, but palladium has the lowest melting point and is the least dense of them. Palladium founds in a variety of ores. It is found to some degree in all platinum ores and is present in a number gold, nickel and copper ore bodies [1] - [10] . Palladium is a broadly useful silver white, nobleductile metal [11] discovered in 1803 by William Hyde Wollaston. Palladium is a chemical element having an atomic weight of 106.4, atomic number of 46, and the symbol Pd. Palladium compounds are more stable unlike other platinum metals. Palla-dium is soluble in concentrated HNO 3 . Palladium gives stable amine, nitrite, cyanide, chloride, bromide, and iodide complexes. Palladium group metals especially palladium is very important to industry [12] . Palladium is generally resistant to corrosion by most single acids, alkalies and aqueous solutions of simple salts. It is not attacked at room temperature by non-oxidizing acids such as sulfuric, hydrochloric, hydrofluoric, acetic and oxalic acids. Strongly oxidizing acids such as nitric acid and hot sulfuric acid attack palladium, as do ferric chloride and hypochlorite solutions.
Palladium is not tarnished by dry or moist air at ordinary temperatures [13] [14] [15] . Palladium is used in many applications because of its noble metal characteristics and often these can be provided most economically in the form of a coating. The catalyst stored indefinitely in well-sealed containers. The activation energy value for all Pd/BaSO 4 catalyst was around 49.1 kJ/mol.
Palladium on Barium Sulfate 5% Pd/BaSO 4 an appropriate form of carbon when used to catalyze the hydrogenation of acyl chlorides to aldehydes, the Rosenmund reduction [16] , useful catalyst for many other hydrogenations. The palladium catalyzed hydrogenation of an acid chloride to an aldehyde is known as the Rosenmund reduction ( Figure 1 and Figure 2 ). The Pd catalyst must be poisoned, for example with BaSO 4 , because the untreated catalyst is too reactive and will give some over reduction. Some of the side products can be avoided if the reaction is conducted in strictly anhydrous solvents.
Material and Method

Determination of Palladium by ICP-MS
Instruments
• NexIon 300X ICP-MS, Inductively Coupled Plasma computer-controlled se-American Journal of Analytical Chemistry quential emission spectrometer with interelement and background correction capabilities, and provisions for interfacing to a printer and an auto sampler [17] .
• Ethos Plus Microwave
• ETHOS One Closed Vessel Microwave Digestion System, with temperature control and rotating turntable, well ventilated with corrosion-resistant cavity.
• Microwave digestion vessels for water samples, Teflon, capable of holding ~75 milliliters (mL), designed "for temperatures up to 260˚C with self-regulating pressure control • Digestion vessels for soil samples, capable of holding ~250 mL • Argon Plasma Support Gas in pressurized cylinders.
Reagents and Solutions
• Concentrated nitric acid, Seastar Chemicals. 67% -70% (w/w HNO 3 ), purified by re-distilled, ≥99.999% trace metals basis.
• Nitric acid, 2 percent(%) volume to volume (v/v), for the preparation of working standards, also to be used for the initial calibration blank.
• Deionized (DI) water, Type I Deionized water, for the preparation of all reagents and calibration standards and as dilution water.
• Hydrogen peroxide solution contains inhibitor, 30 wt% in H 2 O, Sigma-Aldrich, ACS grade.
• Palladium, 5% Pd/BaSO 4 (Palladium on Barium Sulfate) obtained from Sigma-Aldrich. 
Microwave Digestion
Reagents and Solutions
• 5% Pdbasis BaSO 4 obtained from Sigma-Aldrich 
Sample Preparation
Result and Discussion
QA/QC Study
Calibration Blank: A calibration blank is a sample of analyte-free media that can be used along with prepared standards to calibrate the instrument. A calibration blank may also be used to verify absence of instrument contamination [20] .
Calibration Curve: A plot of instrument response to an analyte versus known concentrations or amounts of analyte standards. Calibration standards are prepared by successively diluting a standard solution to produce working standards which cover the working range of the instrument. Standards should be prepared at the frequency specified in the appropriate method. The calibration standards should be prepared using the same type of acid or solvent and at the same concentration as the samples following sample preparation [20] .
Laboratory Control Sample (LCS): The Laboratory Control Sample (LCS) is
analyzed to assess general method performance based on the ability of the laboratory to successfully recover target analytes from a control matrix. Aqueous and solid LCSs is obtained from an independent source, and was prepared with each analytical batch of samples using the same preparation method as that employed for the samples. Percent recovery (%R) must be within 75% -125% and calculated as:
where: LCS = LCS result, B = Blank result, SA = spiked amount [20] .
Laboratory Duplicate: The analysis or measurements of the variable of interest performed identically on two sub-samples of the same sample, usually taken from the same container. The results from duplicate analyses are used to evaluate analytical or measurement precision and include variability associated with sub-sampling and the matrix, but not the precision of field sampling, preservation, or storage internal to the laboratory [20] .
Matrix Spike (MS)/Matrix Spike Duplicate (MSD): Matrix spikes are aliquots of samples to which known concentrations of certain target analytes have been added before sample preparation. Matrix spike-with compounds spiked into at a known level. Matrix spike duplicates are additional replicates of matrix spike samples that are subjected to the sample preparation and analytical scheme as the original sample. Analysis of spiked samples ensures a positive value, allowing for estimation of analytical precision [20] . Spiked sample percent recovery (%R) must be within 75% -125% and calculated as [20] : (Table 1, Table  2, Table 3 and Table 4 ). Average results was 4.90% for the ICP/MS. The palladium (II) standard has been added into the sample for percent recovery. %R MS and %R MSD and %RSD have been shown in Table 7 .
After extraction 5% Pd on BaSO 4 catalyst, PdSO 4 present in solution was measured at 453 nm. By UV-VIS Spectrophotometry. The absorbance readings plotted against the concentrations of palladium (II) to obtain the calibration curve. Table 5 and Table 6 . Average results was 4.97% for the UV-Visible spectrophotometer. 5 ppm palladium (II) standards was added for the % recovery (MS/MSD), The results obtained are given in Table 7 and show that both instrument method can be successfully determined by UV-VIS and ICP/MS. 
Conclusion
Inductively Coupled PlasmaMass Spectrometry ICP/MS and Direct Spectrophotometric method was developed for estimation of Palladium (II) and successfully used for quantitative extraction of Palladium in 5% Pd/BaSO 4 at acidic conditions. Since the equilibration time is very less; the method is quick and applicable for determination of Pd (II) from different synthetic mixtures and catalysts. The results obtained are given in Table 7 and show that 5% (w/w) Pd (II) can be successfully determined by both methods.
